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SPECIFICATION 



FLUORORUBBER MOLDED ARTICLE AND 
METHOD FOR PRODUCING THE SAME 

FIELD OF THE INVENTION 
The present invention relates to a molded article 
comprising a f luororubber , and more particularly to a 
fluororubber molded article used in a site requiring 
purity, low metal elution, low gas release, plasma 
resistance, ozone resistance, chemical resistance, heat 
resistance, etc., particularly used in semiconductor 
production equipment or semiconductor conveyance equipment. 
Further, the invention relates to a rubber material 
comprising the fluororubber molded article. -Furthermore, 
the invention relates to a method for producing the 
fluororubber molded article. 

BACKGROUND OF THE INVENTION 
In production processes such as semiconductor 
production and liquid crystal production, various 
circumstances such as a plasma atmosphere, a chemical 
atmosphere and an ozone atmosphere are used, and exposure 
to high temperatures is experienced in some cases. 
Accordingly, as rubbers used for such applications, there 
has frequently been used fluororubber compositions (for 
example, see Patent Document 1 specified below) . 
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Further, in the semiconductor production and the 
liquid crystal production, the control of impurities in 
the production processes is very important for improvement 
in yield, and rubber materials used in production 
equipment require purity such as low gas release and low 
elution from the materials and few particles. To cope 
with such requirements. Patent Document 2 specified below 
proposes a fluororubber molded article obtained by 
decreasing the content of metal elements in a fluororubber 
comprising a tetraf luoroethylene-propylene copolymer to 
1.5% by weight -or less, preparing a preformed product ' 
without using -crosslinking chemicals such as a 
crosslinking- agent, and a crosslinking assistant, and • 
without using .other .compounding materials at all or with' 
the use of bare minimum thereof if used, and irradiating 
the preformed product with ionizing radiation. 

However, this fluororubber molded article is not 
fully satisfactory in mechanical characteristics of rubber 
such as tensile strength and hardness. In particular, 
when this is used for moving-part applications, it has 
been revealed that the problems of torsion and breakage 
may be encountered. 

Patent Document 1: JP 2000-119468 A 

Patent Document 2: JP 2003-096220 A 
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SUMMARY OF THE INVENTION 
The invention has been made in view of such a 
situation . 

Accordingly, an object of the present invention is 
to provide a fluororubber molded article excellent in 
purity with respect to gas release and elution from a 
rubber material and particles, excellent in heat 
resistance, and also excellent in mechanical 
characteristics . 

Another object of the invention is to provide a 
rubber material comprising the. fluororubber molded article. 

A still other object of the invention is to provide 
a method for producing the. fluororubber molded article. 

Other objects and effects of the invention will 
become apparent from the following description. 

In order to achieve the above-mentioned objects, the 
present inventers conducted extensive investigation. As a 
result, the inventers found that a fluororubber molded 
article obtained by adding silica which has a primary 
particle size of 0.5 |jin or less and whose surface has been 
hydrophobilized, to a tetraf luoroethylene-propylene co- 
polymer having a metal element content of 1.5% by weight 
or less, followed by irradiation of ionizing radiation is 
excellent in purity with respect to gas release and 
elution from a rubber material and particles, and also 
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excellent in heat resistance and mechanical 
characteristics , 

In order to achieve the above-mentioned objects, the 
present invention provides the following fluororubber 
molded article, rubber material and method for producing 
the fluororubber molded article. 

(1) A fluororubber molded article obtained by a 
process comprising subjecting a fluororubber composition 
to crosslinking by irradiation of ionizing radiation, 

wherein said fluororubber composition comprises: 

(1) a raw rubber- which comprises a 

tetraf luoroethylene-propylene copolymer and which has a 
metal element content ..of .1 . 5% . by weight or less; and 

(ii) silica which :has a primary particle size of 0.-5 
|im or less and which has been treated to have a 
hydrophobic surface, in an amount of from 1 to 30 parts by 
weight per 100 parts by weight of said raw rubber (i) . 

(2) The fluororubber molded article described in the 
above 1, wherein said fluororubber composition further 
comprises triallyl isocyanurate in an amount of 0.1 to 2 0 
parts by weight per 100 parts by weight of said raw rubber 
(i) . 

(3) The fluororubber molded article described in the 
above 1 or 2, wherein said process further comprises 
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subjecting the molded article to heat treatment at a 
temperature of 50 to 300''C for 0.1 to 10 hours. 

(4) A rubber material for semiconductor production 
equipment, which comprises a fluororubber molded article 
described in any one of the above 1 to 3 . 

(5) A method for producing a fluororubber molded 
article, which comprises the steps of: 

(A) providing a fluororubber composition comprising: 

(i) a raw rubber which comprises a 
tetraf luoroethylene-propylene copolymer and 
which has a metal element content of 1.5% by 
weight or less; and 

(ii) silica which has a primary particle 
size of 0.5 |xm or less and which has been 
treated to have a hydrophobic surface; 

(B) preforming said fluororubber composition into a 
predetermined form in a heated atmosphere to obtain a 
preformed product; and 

(C) subjecting said preformed product to 
crosslinking by irradiation of ionization radiation to 
obtain a crosslinked product. 

(6) The method as described in the above (5), 
further comprising heat treating said crosslinked product 
at a temperature of 50 to SOO^C for 0.1 to 10 hours. 
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DETAILED DESCRIPTION OF THE INVENTION 
The invention will be described in detail below. 
The raw rubber used in the invention is a rubber 
comprising a tetraf luoroethylene-propylene copolymer and 
having a metal element content of 1.5% by weight or less. 
As the method for reducing the metal element content in 
the tetraf luoroethylene-propylene copolymer, reference can 
be made to Patent Document 2 noted above. Although the 
composition of this tetraf luoroethylene-propylene 
copolymer is not limited, the molar ratio of 
tetraf luoroethylene to- propylene is preferably from 40:60 
to 60:40, and more preferably from 50:50 to 60:40. 

As the silica, -there.. can be used those which has a • 
primary particle* size of 0.5 ^im or less and which has been 
treated to have a hydrophobic , surf ace . Such silica is 
available from the market as, for example, R202, R805, 
R812 and R812S manufactured by Nippon Aerosil Co., Ltd. 
Further, the content of the silica is preferably from 1 to 
30 parts by weight per 100 parts by weight of the raw 
rubber. When the content is less than 1 part by weight, 
no enhancing effect of mechanical strength may be obtained. 
On the other hand, when it exceeds 30 parts by weight, 
rubber elasticity may be deteriorated, and there is a 
possibility that particles are developed to contaminate 
the outside. 
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Further, triallyl isocyanurate is preferably added 
to the composition as a co-crosslinking agent. The 
triallyl isocyanurate for use herein may be a triallyl 
isocyanurate prepolymer. As the triallyl isocyanurate, 
there can be used one well known in the art, and it is 
also available as, for example, TAIC and TAIC Prepolymer 
manufactured by Nippon Kasei Chemical Co., ltd. The 
amount of this triallyl isocyanurate added is preferably 
from 0.1 to 20 parts by weight per 100 parts by weight of 
the raw rubber, and a molded article sufficiently 
crosslinked is. obtained by adjusting the amount of the • 
triallyl isocyanurate added within this range. 

The above-mentioned rubber composition is formed in • 
a predetermined form (generally under a pressure of 20 to 
70 MPa per unit area of the product for a retention time 
of 5 to 20 min.), and the resulting preformed product is 
irradiated with ionizing radiation to perform crosslinking, 
thereby obtaining the fluororubber molded article of the 
invention. As the ionizing radiation, there can be used a 
y-ray, an electron beam, an X-ray, a proton beam, a 
deuteron beam, an a-ray, a p-ray, etc. They can be used 
either alone or in combination. In particular, the y-ray 
and the electron beam are preferred because of their easy 
use. The use of the y-ray makes it possible to conduct 
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sterilization treatment, as well as crosslinking, and is 
suitable particularly in the food field. 

As for the dose of ionizing radiation, the amount of 
energy sufficient to permeate throughout the preformed 
product in the thickness direction thereof is necessary. 
Lack of the dose results in insufficient crosslinking to 
fail to impart sufficient physical properties such as 
mechanical strength and compression set to the preformed 
product . On the other hand, when the dose becomes too 
much, the disintegration reaction of fluororubber 
molecules proceeds to lower the molecular weight, thereby " 
deteriorating physical properties such as mechanical 
strength. In the invention, iwhen the total dose of 
ionizing radiation is from 10 to 500 kGy, almost 
sufficient crosslinking -can be performed. 

As for the irradiation atmosphere of ionizing 
radiation, the preformed product can be irradiated in any 
atmosphere such as a vacuiom atmosphere, an atmospheric 
atmosphere or an inert gas atmosphere. In the case of the 
y-ray, the preformed product is irradiated therewith 
particularly preferably in an atmosphere in which oxygen 
is removed as much as possible, such as in the vacuum or 
in an inert gas. The presence of oxygen in the 
irradiation atmosphere inhibits the crosslinking reaction. 
As a result, there is a fear that the mechanical strength 
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of the molded article becomes insufficient/ or that the 
surface of the molded article is sticky. In the case of 
the electron beam, there is no problem even when the 
preformed product is irradiated therewith in the air. 

Further, in the invention, it is preferred that the 
fluororubber molded article obtained as described above is 
heated, thereby improving the stability of the molded 
article and removing volatile components to further 
improve purity. The heat treatment is conducted at a 
temperature of 50°C to 300°C for 0.1 to 10 hours, 
preferably at 'a ' temperature of ISO^'C to 250°C for '1 to- 2 
hours ... There is no particular limitation on the heating- 
method, ; and>:.the .molded article can be treated in any '* " '* ■ 
medium of hot water, steam and oil, as well as in an 
electric/furnace of an oxygen atmosphere, a reduced- • 
pressure atmosphere or a reduction atmosphere. 

The fluororubber molded article of the invention is 
excellent in mechanical characteristics such as heat 
resistance, mechanical strength and compression set, so 
that it is suitably used in rubber materials employed in 
fields requiring purity, such as the field of 
semiconductor production, the medical field and the food 
field. For example, in the field of semiconductor 
production, it can be used in semiconductor production 
equipment such as wet washing equipment, plasma etching 
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equipment, plasma ashing equipment, plasma CVD equipment, 
ion implantation equipment or sputtering equipment, and in 
auxiliary equipment thereof such as wafer conveyance 
equipment . 

However, when mechanical characteristics are put 
above purity in the above-mentioned uses, it is also 
possible to use other co-crosslinking agents and fillers. 
In that case, it is preferred that the amount thereof used 
is limited to the minimum. Further, in the fluororubber 
molded article of the invention, the tetraf luoroethylene- 
propylene copolymer alone is used as the raw rubber. 
However, another fluororubber .may also be incorporated 
within such a range that the total metal element content 
of the raw rubber does not exceed 1.5% by weight and the 
effect of the invention is .not .impaired. Examples thereof 
include a vinylidene f luoride-hexaf luoropropylene 
copolymer, a vinylidene f luoride-hexaf luoropropylene- 
tetraf luoroethylene copolymer, a vinylidene fluoride- 
hexaf luoropropylene-perf luoromethyl vinyl ether copolymer 
and an ethylene-tetrafluoroethylene-perf luoromethyl vinyl 
ether copolymer. 

EXAMPLES 

The present invention will be illustrated in greater 
detail with reference to the following Examples and 
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Comparative Examples, but the invention should not be 
construed as being limited thereto. 

EXAMPLES 1 AND 2 AND COMPARATIVE EXAMPLES 1 TO 4 
The molding method and evaluation methods of test 
pieces used in the Examples and Comparative Examples are 
as follows: 
Molding Method 

Components having a formulation shown in Table 1 
were kneaded by an open roll at 20 to 50*'C for 10 minutes. 
The resulting fluororubber composition was set in a *ni61d/ 
which was preheated with a hot press until the mold ' ^ •* 
temperature.. reached llO^'C, followed by maintaining it • for " 
about 1 minute. under pressure. Then, the mold was taken 
out of .the hot press, and cooled until the mold - - 

temperature was lowered to 50®C or less, followed by mold 
release to obtain a preformed product. Then, the 
preformed product was irradiated with a y-ray of 120 kGy 
in a nitrogen atmosphere to obtain a test piece. Further, 
in Example 2, the resulting test piece was further heat 
treated with an electric furnace in an atmosphere of 
oxygen at 200**C for 2 hours. 

Details of the fluororubber, the co-crosslinking 
agent and the fillers used in the Examples and Comparative 
Examples are as follows: 



Fluororubber : 

A fluororubber obtained by purifying a tetrafluoro- 
ethylene-propylene copolymer (Aflas 150C manufactured by 
Asahi Glass Co., Ltd.) through coagulation with a 
coagulation agent other than a metal salt to reduce its 
metal content to 1% by weight or less. 
Co-crosslinking agent ; 

TAIC manufactured by Nippon Kasei Chemical Co., ltd. 
Silica (1) : 

Aerosil R202 manufactured by Nippon Aerosil Co., Ltd 
Silica (2) ; 

Aerosil #200 manufactured by Nippon Aerosil Co., Ltd 
. Silica (3) : 

Nipsil SS-10 manufactured by Nippon Silica 
Industrial Co., Ltd. . 

Evaluation Methods 
Tensile strength ; 

Measured in accordance with JIS K 6251. 
Hardness ; 

Measured in accordance with JIS K 6253. 
Compression set : 

Measured at 200°C for 70 hours in accordance with 
JIS K 6262. 
Plasma resistance: 



12 



Evaluated by plasma irradiation under the following 
conditions : 

Type of plasma gas: Oxygen 
Gas flow rate: 20 SCCM 
Frequency of RF: 13.56 MHz 
High frequency output: 150 W 
Irradiation time: 2 hours 

Evaluation method: A decrease in weight per unit 
area was measured. The case where particles were 
scarcely developed and the weight loss was scarcely 
observed is indicated as "good", the case where 
particles were, somewhat developed and the weight 
loss was somewhat large is indicated as "fair", and 
the . case where particles were developed in large - 
amounts and the weight loss was large is indicated^ 
as "poor" . 

The results thereof are shown together in 
Table 1. 
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The test piece according to the invention shown in 
Example 1 is good in plasma resistance, compared to the 
test piece of Comparative Example 1, and improved in 
tensile strength and plasma resistance, compared to the 
test piece of Comparative Example 2. Further, the results 
reveal that the test piece according to the invention 
shown in Example 2 is remarkably improved in compression 
set. 

On the other hand, the test piece of Comparative 
Example 3 shows no enhancing effect of mechanical strength, 
because the content of the silica is low. The test piece 
of Comparative Example 4 is low in breaking elongation, 
because the content of the silica is too much, and also 
significantly decreased in plasma resistance. 

As described above, the f luororubber molded article 
of the invention is excellent in purity and heat 
resistance, small in a decrease in weight under the plasma 
conditions, and also excellent in mechanical 
characteristics, so that it can be suitably used as the 
rubber material for semiconductor production equipment. 

While the present invention has been described in 
detail and with reference to specific embodiments thereof, 
it will be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing from the spirit and scope thereof. 



15 



The present application is based on Japanese patent 
application No. 2003-082972, the contents thereof being 
herein incorporated by reference. 
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